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NOVEL PREDICTORS OF TRANSPLANT REJECTION DETERMINED BY 
PERIPHERAL BLOOD GENE-EXPRESSION PROFILING 

5 

FIELD OF INVENTION 

[0001] This invention relates to a method of predicting the probability of transplant 
rejection, in particular, the probability of cardiac allograft rejection, using peripheral 
blood gene expression profiling. 

BACKGROUND OF THE INVENTION 



[0002] Organ transplantation is a viable therapy for improving the quality of life in 
people with end-stage organ failure. Progress has been made in using bone marrow, 
kidneys, hearts, and livers from unrelated individuals, though transplant rejection 
remains a persistent problem. Another limiting factor in clinical transplantation is the 
persistent shortage of organs. For example, of the 265,000 patients with end-stage 
kidney disease in the U.S., only 5-6% will receive a transplant. Hepatitis C virus-related 
liver diseases is another source of increasing demand for liver transplants, whose 
incidence is on the rise with predictions reaching increases of at least five-fold in the 
next decade. 

[0003] Typically, organ donors are heart-beating cadaver donors (HBD), which 
unfortunately, represent a supply source remaining relatively constant for the past ten 
years. 

[0004] Organ rejection is a product of the immune system of the recipient, which 
recognizes the transplant as foreign tissue and develops immune reactivity, culminating 
in rejection of the transplanted/grafted tissue. Attempts to tolerize recipients to 
transplant tissue have not met with much success to date. 
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[0005] Early detection of transplant rejection affords the possibility of aggressive 
immunosuppressive therapy for preventing transplant rejection. Methods for predicting 
transplant tolerance are clearly desirable for both diminishing potentially, the 
5 amount/duration of immunosuppressive therapy in successful recipients, and increasing 
the likelihood of successful transplantation in a particular recipient with respect to a 
given donor. 

[0006] With the limited donor-pool, the criticality of donor choice and the clinical and 
10 economical consequences of transplant rejection, it is apparent, that new and improved 
methods for predicting the probability of transplant rejection are greatly needed. 

SUMMARY OF THE INVENTION 

15 [0007] In one embodiment, the present invention provides a method for predicting 
transplant rejection in a subject, comprising determining a gene expression profile, 
wherein the gene expression profile comprises increased expression of at least 4 genes 
as compared to a standard , concurrent with diminished expression of at least one gene, 
as compared to the standard. 

20 

[0008] In another embodiment, the at least 4 genes with increased expression, are in 
combinations of four or more UQCRB, BTF3, ST13, CUL4A, TERF2IP, ARRB2, or 
NPEPPS genes . 

25 [0009] In one embodiment, the gene with diminished expressionis an AKRB2, NPEPPS, 
PIGB, APQ BCL7A, EDG4, IL17R, PGF, NFAT5, BIRC1, LILRB3, TM6SF2, CFLAR, 
SOD2, SLC16A3 or SCD4 gene, or a combination thereof. 

[00010] In another embodiment, the present invention provides a method for identifying a 
30 candidate for successful allograft transplantation comprising determining a gene 
expression profile, wherein the expression profile comprises increased expression of at 
least 1 gene as compared with a standard, concurrent with diminished expression of at 
least 4 genes compared with said standard . 
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[00011] In one embodiment, the invention provides a medium having disposed thereon an 
oligonucieotide-hybridized cRNA of UQCRB, BTF3, ST13, CUL4A, TERF2IP, ARRB2, 
NPEPPS, ARRB2, NPEPPS, PJGB, APQ BCL7A, EDG4, IL17R, PGF, NFAT5, BJRC1, 
5 LILRB3, TM6SF2, CFLAR, SOD2, SLC16A3 and SCD4. 

[00012] In another embodiment, the invention provides a kit for predicting transplant 
tolerance, comprising a microarray comprising immobilized nucleic acids, wherein said 
nucleic acids exhibit complementarity to a UQCRB, BTF3, ST13, CUL4A, TERF2IP, 
10 ARRB2, NPEPPS, ARRB2, NPEPPS, PIGB, APQ BCL7A, EDG4, IL17R, PGF f NFAT5, 
BIRC1, LILRB3, TM6SF2, CFLAR, SOD2, SLC16A3, and SCD4 gene, or fragments 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

FIG. 1 is a graph showing distribution of rejection by ISHLT biopsy grade in the cohort 
of transplant recipients (1 89 transplant recipients; 409 biopsies). 

FIG. 2A is a graph showing differential gene expression in peripheral blood specimens 
20 from patients with biopsy-proven transplant rejection (n=7) and standards without 
rejection (n=7) for genes with increased expression. 

FIG. 2B is a graph showing differential gene expression in peripheral blood specimens 
from patients with biopsy-proven transplant rejection (n=7) and standards without 
25 rejection (n=7) for genes with diminished expression. 

FIG. 3 is a graph showing cluster analysis of 40 candidate markers with hierarchical 
clustering (see Table 2 for full names and functional annotation of the 40 candidates). 

30 FIG. 4 is a graph of showing the quantified transcript abundance of two candidate 
markers, CFLAR and SOD2, using qRT-PCR. Data are displayed as fold-changes in 
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expression in Rejection (n=10) and Post-Rejection (n=8) samples, each compared to a 
Standard (n=5). 

FIG. 5 is a graph showing Oligonucleotide microarrays method of assessing changes in 
5 gene expression levels using sample RNA transcripts. 

FIG. 6 is a graph showing quantitative PCR detection of peripheral blood expression of 
ot-1 Defensin. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

[00013] Successful organ transplantation necessitates the prevention of organ rejection 
by the immune system. Organ transplants refers to any organ transplant from a donor to 
15 recipient, including allograft and xenograft transplantation. 

[00014] In one embodiment, the present invention provides a method for predicting 
transplant rejection in a subject, comprising determining a gene expression profile, 
wherein the gene expression profile comprises increased expression of at least 4 genes as 
20 compared to a standard, concurrent with diminished expression of at least one gene, as 
compared to the standard. 

[00015] In one embodiment graft rejection was associated with increased expression of 
UQCRB, BTF3, ST13, CUL4A, TERF2IP, ARRB2, or NPEPPS genes (Table II). In 
25 addition, graft rejection was also associated with diminished expression of ARRB2, 
NPEPPS, PIGB, APQ BCL7A, EDG4, IL17R, PGF f NFAT5, BIRCI, LILRB3, TM6SF2, 
CFLAR, SOD2, SLC16A3 and SCD4 (Table H). 

[00016] In one embodiment, transplant rejection involves gross symptoms, which in 
30 another embodiment may be elevated temperature or significant failures of the function 
of the transplant. In another embodiment, transplant rejection involves T-cell activation, 
or in another embodiment clinical symptoms range from fever and malaise similar to an 
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influenza-like syndrome, and in another embodiment to a fulminant and potentially fatal 
systemic illness. In one embodiment, transplant rejection involves glomerulopathy, or in 
another embodiment, transplant rejection involves fatigue, general weakness, tenderness 
or pain over transplant, light colored stool, increased blood pressure, dark colored urine, 
5 decreased urine output, jaundice, sudden weight gain, increased liver enzymes, increased 
BUN and creatinine, difficulty in breathing, post transplant proliferative disorders 
(PLTD's). In one embodiment, transplant rejection involves any one of infection, 
hypertension, diabetes, dyslipidemia, osteoporosis, graft coronary disease, renal 
insufficiency, malignancy, or their combination. It is to be understood that the methods 
10 of this invention may be employed in individuals prior to the onset or concurrent with 
evidence of any of these symptoms, as a means of predicting a likelihood for transplant 
rejection, in one embodiment, or in another embodiment, as an indicator for a need to 
provide greater immunosuppressive therapy, as described and exemplified herein. 

15 [00017] The methods of this invention are also useful in predicting tolerance of a 
recipient to a transplant. In one embodiment, "tolerance", refers to a lack of evidence of 
an immune response at a transplant site in a recipient whose end result is to damage the 
transplanted tissue. In one embodiment, tolerance refers to the inhibition or prevention 
of a recipient's immune response against a donor graft, or in another embodiment, the 

20 reverse occurs, wherein graft versus host disease is prevented in the recipient. It is to be 
understood that any situation in a recipient wherein the transplanted tissue remains 
undamaged, or minimally damaged, in the recipient, over a course of time, is to be 
considered as part of this invention In one embodiment, "tolerance", refers not only to 
complete immunologic tolerance to an antigen, but to partial immunologic tolerance, 

25 which, in one embodiment can be a degree of tolerance to an antigen which is greater 
than what would be seen if a method of the invention were not employed. In another 
embodiment, "tolerance", refers to a donor antigen-specific inhibition of the immune 
system as opposed to the broad-spectrum inhibition of the immune system seen with 
immunosuppressants. In one embodiment, "tolerance", refers to the ability of the graft to 

30 survive in an MHC mismatched or xenogeneic recipient without chronic 
immunosuppression, or in another embodiment, with minimal immunosuppression, or in 
another embodiment, with fewer drugs required for immunosuppression, or in another 
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embodiment, with lower dosage of immunosuppression drugs, or in another 
embodiment, lower frequency of talcing immunosuppression drugs, or in another 
embodiment, with fewer side effects associated with immunosuppression. 

5 [00018] In one embodiment, treatment involves optimization of immunosuppressive 
therapy, or in another embodiment prevention of complications resulting from the 
transplant or the immunosuppressive agents, or in another embodiment, treatment of 
those complications when they arise. In one embodiment, immunosuppressive therapy 
consists of combination therapy with a calcineurin inhibitor which in another 

10 embodiment may be cyclosporine or tacrolimus, or in one embodiment combination 
therapy may further include corticosteroids, and an antimetabolite agent which in 
another embodiment may be, azathioprine or mycophenolate mofetil. In one 
embodiment, the corticosteroid is weaned and discontinued 1 to 2 years following 
transplantation and in another embodiment, the patient is managed chronically with a 

15 two-drug immunosuppressive regimen. The methods of this invention, in one 
embodiment, serve to predict the magnitude or duration, etc., of drug therapy necessary 
to maintain transplant tolerance. 

[00019] In one embodiment, the present invention provides a method for predicting 
20 transplant rejection in a subject, comprising detennining a gene expression profile. 

[00020] In one embodiment, the term "determining" refers to techniques to analyze the 
level of expression of specific genes in cells and tissues. These techniques include in one 
embodiment, Northern blot analysis, RNAse protection assays, PCR, including 
25 quantitative PCR, as will be known to one skilled in the art. In one embodiment, 
microarray technology is used to determine gene expression profiles, as will be 
understood by one skilled in the art, and as exemplified hereinbelow 

[00021] In one embodiment, the term "gene" refers to a nucleic acid fragments that 
30 encode proteins including regulatory sequences preceding (5 f non-coding sequences) and 
following (3' non-coding sequences) the coding sequence. In one embodiment, "coding 
sequence" refers to a nucleotide sequence that codes for a specific amino acid sequence. 



6 



WO 2005/074540 



PCT/US2005/002697 



In another embodiment, "regulatory sequences" refer to nucleotide sequences located 
upstream (5* non-coding sequences), within, or downstream (3 f non-coding sequences) 
of a coding sequence, and which influence the transcription, RNA processing or 
stability, or translation of the associated coding sequence. In one embodiment, 
5 regulatory sequences may include promoters, translation leader sequences, introns, and 
polyadenylation recognition sequences. 

[00022] A "nucleic acid" refers in one embodiment to the phosphate ester polymeric form 
of ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA molecules") or in 

10 another embodiment, to deoxyribonucleosides (deoxyadenosine, deoxyguanosine, 
deoxythymidine, or deoxycytidine; "DNA molecules"). In one embodiment "nucleic 
acid" refers to a single stranded form, or in another embodiment, a double-stranded 
helix. In one embodiment, double stranded DNA-DNA or, in another embodiment DNA- 
RNA or, in another embodiment RNA-RNA helices are possible. The term nucleic acid 

15 molecule, and in particular DNA or RNA molecule, refers in one embodiment only to 
the primary and secondary structure of the molecule, and does not limit it to any 
particular tertiary forms. 

[00023] In another embodiment, the term "expression" refers to the transcription and 
20 stable accumulation of sense (mRNA) or antisense RNA derived from the nucleic acid 
fragment or fragments of the invention. Expression may refer in one embodiment, to 
translation of mRNA into a polypeptide. 

[00024] In one embodiment, the term "expression profile" refers to the results obtained 
25 upon differentially detennining expression of at least 5 genes or their products, when 
compared to a standard. The profile is assigned to a given subject, which reflects 
comparative results between his or her expression of the at least 5 genes or their 
products as compared to a standard. In one embodiment, the expression profile further 
comprises a detennination of relative expression of nucleic acids, which do not code for 
30 a functional protein, as compared to the standard. 
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[00025] The term "differentially expressed" refers to a relative abundance or absence of 
expression in a subject as compared to a standard. Differential expression refers to 
changed expression, either higher or lower, in the subject, as compared to the standard. 

[00026] Differential gene expression may include in one embodiment, a comparison of 
expression between two or more genes, or in another embodiment, a comparison of the 
ratios of the expression between two or more genes, or in another embodiment, a 
comparison of two differently processed products of the same gene, which differ 
between control subjects and subjects in which transplant was rejected, or in another 
embodiment, in the same subject pre- and post transplantation. Differential expression 
refers in one embodiment to quantitative, as well as in another embodiment, qualitative, 
differences in the temporal or cellular expression pattern in a gene or its expression 
products as described herein. 

[00027] In one embodiment, a gene expression profile is compiled using a sample of 
peripheral blood of a subject being evaluated. In another embodiment, a tissue biopsy 
serves as the source for evaluation, or in another embodiment, the end-stage diseased 
organ, whose replacement is desired is used as the source for gene expression profile. 

[00028] The gene expression profile compiled in the methods of this invention will 
comprise genes differentially expressed in successful transplant recipients, as compared 
to those prone to transplant rejection. The pattern of the differentially expressed genes 
will comprise increased expression of at least 4 genes simultaneous with diminished 
expression of at least 1 gene, in subjects more likely to reject a transplant, whereas the 
reverse profile is more predictive of success of a transplant in a given subject 

[00029] In one embodiment, determining the gene expression profile refers to methods to 
assess mRNA abundance, or in another embodiment, gene product abundance. 
According to this aspect of the invention, and in one embodiment, gene product refers to 
the translated protein. In one embodiment, protein abundance reflects gene expression 
profiles, which may be determined, in other embodiments, by any methods known in the 
art, such as, but not limited to Western blot analysis, RIA, ELISA, HPLC, functional 
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assays, such as enzymatic assays, as applicable, and others. In one embodiment, 
expression profile is determined by a change in mRNA levels, or in another embodiment 
in surface expression, or in another embodiment in secretion or in another embodiment 
other partitioning of a polypeptide. 

5 

[00030] In another embodiment, the expression profile is a relative value as compared to 
a standard. In one embodiment the term "standard" may refer to a pooled sample of 
successful recipients for the same organ transplant. In another embodiment, standard 
may be ethnically- or gender- or age-matched recipients. It is to be understood that the 
10 standard may be derived from any subject, or pool of subjects, whose expression profile 
or profiles, once generated, is sufficient to detect even minute relative differences in 
expression, when compared to a potential transplant recipient, or in another embodiment, 
transplant recipient. 

15 [00031] In one embodiment, "increased expression" refers to an increase in the level or in 
another embodiment, activity of target gene product relative to the level or activity of 
target gene product in a standard. In another embodiment, increased expression refers to 
between a 10 to about a 250% increase in mRNA levels, or in another embodiment, in 
protein levels. In another embodiment, increased expression refers to changes in gene 

20 expression at the mRNA or protein level, in terms of its pattern of expression in 
particular examples, such as, for example, and in one embodiment, increased expression 
in tissue, but not in the blood, for example, in damaged tissue for which the transplant is 
required. In one embodiment, increased expression is synonymous with overexpression, 
or stimulated expression. In another embodiment, increased expression is a relative 

25 determination, wherein expression is greater than the standard, or in cases where 
expression is absent in the standard, this despite expression being barely detectable in 
the subject. It is to be understood that any such circumstance described hereinabove, 
represents increased expression for the methods of this invention. 

30 [00032] In one embodiment, "diminished expression" refers to a reduction in the level or 
in another embodiment, activity of target gene product relative to the level or activity of 
the target gene product in a standard. In one embodiment, diminished expression is 
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synonymous with decreased expression, or in another embodiment with 
underexpression. In one embodiment, the expression of the gene or product is absent in 
the subject, or slightly less than the standard. In one embodiment, the expression of the 
gene is diminished by at least 25% (for example, as depicted in Figure 2B). 

[00033] In one embodiment, "compared to a standard", refers to relative changes in 
expression where the standard is derived from a single individual, or is derived from 
pooled subjects who have successfully undergone a transplant. In another embodiment, 
a standard can be derived from a single subject following about 1 to about 5 years of 
having undergone successful transplantion. In one embodiment, a standard can be 
derived from a subject who has undergone transplant of the specific tissue for which the 
subject is being evaluated, such as, for example, being obtained from a subject having 
undergone a successful cardiac transplant. In another embodiment, the standard is 
derived from a subject who has undergone transplant of a different tissue type than that 
sought by the recipient, however, the two individuals, or pool of individuals are of a 
similar genetic background. 

[00034] In one embodiment, increases or decreases in gene expression are tissue specific, 
and encompass, in other embodiments, post-trans criptional and/or post-translational 
modifications of the gene products, which result in differences in non-modified gene 
expression. 

[00035] In another embodiment UQCRB, BTF3, ST13, CUL4A, TERF2IP, ARRB2, and 
NPEPPS show increased expression (See Figures 2 A, 3 and Example 1). In one 
embodiment, the genes showing increased expression in subjects, which in another 
embodiment are predicted to reject, or in another embodiment show no change or in 
another embodiment diminished expression in subjects which in another embodiment, 
will be tolerant to a transplant. In one embodiment, expression is a relative measure, 
when in comparison to a standard, as described hereinabove. 

[00036] In one embodiment, genes whose expression is increased in potential transplant 
recipient, as compared to a standard, will encode a protein, whose amino acid sequence 
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is homologous to those disclosed in NCBI's Entrez protein database, as illustrated in 
Table III. 

[00037] In one embodiment, the term "homology" or "homologous" refers to a protein 
5 from another organism when the encoded amnio acid sequence of the protein has a 
similar sequence to the encoded amino acid sequence of a protein from a different 
organism and in another embodiment, has a similar biological activity or in another 
embodiment, similar function. In one embodiment, a protein may have homology or be 
homologous to another protein if the two proteins have similar amino acid sequences 

10 and have similar biological activities or functions. In another embodiment, 
"homologous" does not necessarily imply that there is an evolutionary relationship 
between the proteins. In one embodiment, the term "homologous" refers to that the two 
proteins have similar amino acid sequences and similar biological activities or functions. 
In one embodiment, a homologous protein exhibits 50% sequence similarity to the wild 

15 type protein, or in another embodiment 60% sequence similarity, or in another 
embodiment 70% sequence similarity, or in another embodiment 80%, 85% or 90% 
sequence similarity to the wild type protein, or in another embodiment, a homologous 
protein exhibits 95%, 97%, 98% or 99% sequence similarity. 

20 [00038] Sequence similarity for polypeptides, which is also referred to as sequence 
identity, is typically measured using sequence analysis software. Protein analysis 
software matches similar sequences using measures of similarity assigned to various 
substitutions, deletions and other modifications, including conservative amino acid 
substitutions. A preferred algorithm when comparing a sequence of the invention to a 

25 database containing a large number of sequences from different organisms is the 
computer program BLAST, especially blastp or tblastn. The length of polypeptide 
sequences compared for homology will generally be at least about 16 amino acid 
residues, usually at least about 20 residues, more usually at least about 24 residues, 
typically at least about 28 residues, and preferably more than about 35 residues. When 

30 searching a database containing sequences from a large number of different organisms, it 
is preferable to compare amino acid sequences. 
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[00039] Table III: Genes which are overexpressed in subjects rejecting a transplant 



Gene 


Unigen ID. 


Accession No. 


XJQCKB 


Hs.131255 


P 14927 


BTF3 


Hs.529798 


JC1235, 


ST13* 


Hs.5 11834 


P50502, 


CUL4A 


Hs.339735 


NP 003580 


TERF2IP 


Hs. 301419 


NP 061848.1 



[00040] In another embodiment the at least 4, overexpressed genes, are in combinations 
10 of four or more of UQCRB, BTF3, ST13, CUL4A, TERF2IP, ARRB2, or NPEPPS. 

[00041] In one embodiment, the genes showing increased expression are increased by at 
least 30% as compared to a standard. In one embodiment, increased expression is by 30- 
100 % of the standard, or between 100 and 150 % of the standard, or between about 150 

15 to about 200% of the standard, or between about 200 to about 250% of the standard. In 
one embodiment, the genes' expression are increased at least 30 % or in another 
embodiment, the genes 9 expression are increased over 100%, or in another embodiment 
the genes' expression are increased over 150%, or in another embodiment the genes' 
expression are increased over 200%, or in another embodiment the genes' expression are 

20 increased over 250%. Each of at least 4 genes evaluated in the profile will be expressed 
at greater levels as compared to the standard. In one embodiment, increased expression 
is an average finding, such that minute levels of increased expression of one gene and 
robust increased expression of another is sufficient to be predictive according to the 
methods of this invention. 

25 

[00042] In another embodiment ARRB2, NPEPPS, PIGB, APQ BCL7A, EDG4, IL17R. 
PGF, NFAT5, BIRC1, LILRB3, TM6SF2, CFLAR, SOD2, SLC16A3 and SCD4 show 
diminished expression (See Figures 2B, 3 and Example 1). In one embodiment, the 
genes showing diminished expression in subjects, which in another embodiment are 
30 predicted to reject, or in another embodiment show no change or in another embodiment 
increased expression in subjects which in another embodiment, will be tolerant to a 
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transplant. In one embodiment, expression is a relative measure, when in comparison to 
a standard, as described hereinabove. 



[00043] In one embodiment, genes whose expression is di mini shed in potential transplant 
recipient, as compared to a standard, will encode a protein, whose amino acid sequence 
is homologous to those disclosed in NCBI's Entrez protein database, as illustrated in 
Table IV 



[00044] Table IV: Genes which are underexpressed in subjects rejecting a transplant 



Gene 


Unigen ID. 


Accession No. 


ARRB2 


Hs.435811 


NP 004304.1 


NPEPPS 


Hs. 443837 


P55786 


PIGB 


Hs. 126115 


S71751, 


APC 


Hs. 158932 


P25054 


BCL7A 


Hs. 530970 


NP 066273.1 


EDG4 


Hs. 122575 


NP 004711.2 


IL17R 


Hs. 129751 


NP 060312.1 


PGF 


Hs.252820 


A41236 


NFAT5 


Hs. 371987 


NP 006590.1 


BIRC1 


Hs. 519374 


Q13075 


LULRB3 


Hs.306230 


NP 006831.1 


TM6SF2* 


Hs.531624 


NP 075379.1 


CFLAR 


Hs. 390736 


015519 


SOD2 


Hs. 487046 


NP 000627 


SLC16A3 


Hs.500761 


NP 004198.1 


SCD4 


Hs.379191 


NP 079182.1 



[00045] In one embodiment, the genes showing diminished expression are diminished by 
at least 25% as compared to a standard. In one embodiment, diminished expression is 
by 25-30 % of the standard, or between 30 and 35 % of the standard, or between about 
35 to about 40% of the standard, or between about 40 to about 75% of the standard. In 
one embodiment, the genes' expression are diminished at least 15 % or in another 

ft 

embodiment, the genes' expression are diminished over 25%, or in another embodiment 
the genes' expression are diminished over 40%, or in another embodiment the genes' 
expression are diminished over 50. Each of the genes evaluated in the profile will be 
expressed at lower levels as compared to the standard. In one embodiment, diminished 
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expression is an average finding, such that minute levels of diminished expression of one 
gene and virtual elimination in expression of another is sufficient to be predictive 
according to the methods of this invention. 

[00046] In one embodiment, gene profile determination may be done in duplicate or in 
another embodiment in triplicate. In one embodiment, gene profile determination may be 
accomplished a year prior to a planned transplantation and, in another embodiment, 
repeat determinations may be conducted with regular frequency up to the time of 
transplantation. In another embodiment, gene profile determination may be conducted 
post-transplantation, and, in another embodiment, as a regular post-operative procedure. 
In another embodiment, post-transplant determinations may be used as an indicator for a 
need to increase, or in another embodiment, decrease, or in another embodiment, 
otherwise adjust immunosuppressive therapy. 

[00047] In another embodiment, a gene showing diminished expression, does not encode 
for a known protein. In one embodiment, the gene showing diminished expression is an 
expressed sequence tag. As yet, many of the sequences identified in the human genome 
sequence are not annotated. The gene expression profile of the present invention, 
although not exhaustive, contemplates full analysis of any untranslated sequence. In one 
embodiment of the invention the method evaluates multiple genes simultaneously, 
wherein minute differences in expression may still be correlated with rejection or 
tolerance, as indicated herein. 

[00048] In one embodiment the expressed sequence tag is a selected nucleic acid with a 
specified nucleic acid sequence. In another embodiment, a nucleic acid "probe" 
hybridizes to a nucleic acid "tag." In one embodiment, nucleic acid tags are incorporated 
as labels into biological libraries, and the tag nucleic acids are detected using an array of 
probes. In one embodiment a "list of tag nucleic acids" refers to a pool of tag nucleic 
acids, or a representation, which in one embodiment is an electronic or in another 
embodiment paper copy of the sequences in the pool of tag nucleic acids. In one 
embodiment, the pool of tags can be all possible tags of a specified length (i.e., all 20- 
mers), or, in another embodiment a subset thereof 
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[00049] In one embodiment, a set of nucleic acid tags binds to a probe with minimal 
cross hybridization when a single species (or "type") of tag in the tag set accounts for the 
majority of all tags which bind to an array comprising a probe species. 

5 

[00050] In another embodiment, the expressed sequence tags described hereinabove have 
a nucleic, acid sequence as set forth in NCBFs Entrez nucleic acid database, having the 
SEQ ID Numbers from 1 to 12 as shown in Table IV hereinbelow 



10 [00051] Table IV: Sequence ID No.'s for Expressed sequence tags and their sequence 



EST 


Probe Set 
ID. 


Unigen ED. 


Target Sequence 


SEQ ID NO. 


1. 


207365_x_at 


Hs.468663 


aggtccctcccacaacaatgggaattataggcaatataattcaag 
atgagatttgggtggagacacggccaaactgtatcacattgtatgt 

O^atatETttaatttttttaaacataeaparataaaa att&rta txna att 

accgacaagaaaagcaaattttgaataaattgaattctggaaatat 

aaaacgggcttgtttttagaatacaaaatcagatgttaattcctgtga 

ctgactgaatatagaaaggtaacctaaggctgggcacggtggct 

cgtgcctatagtcctggcactttgagtggctgaggtgggtggattg 

cttgaaaccaggagttcgagaccagccaaggcaacatggtgaa 

acctcatccctacagaaaatacaaaaatttgctgggtgtggtggca 

cacacctgtagtctcagctactcgggaggctgaggtgggaggat 

tgcttgagctcaggaggtcgaggcttcagt 


1 


2. 


207730_x_at 


Hs.43071 


tcaaggggttgctcagatgggccgggcatggtggctcacgcctg 

taacctcagcactgtgggaggccaagggggcagatcacttcag 

gtcgggagttccagaccagcctgttcaacatggcgaaaccccatt 

ctaccaaaactacaaaaattagccgggctcacgcctgaaatccca 

gcactttgggagactgaggaggggtcacctgaggtcaggatgtc 

aagatcagactggccaacagaatgaaaccctgtctctacaaaaat 

acaaaaattaggccgggtgccgtggctcatgcctgtaatcccagc 

actttgggaggccgaggcgggcagatcacaaggtcaggtgatc 

gagaccatcctggctaacttggtgaaaccctgtctctactaaaaaa 

aaaatacagaaagttagccgggcgtggcacct 


2 


3. 


20578 l_at 


Hs. 164410- 


gaagctttgggcttcggtgggtgcaggctcagcgatgaacatctg 

gctggggcagctcctggggagcatcagggaagagggggccat 

gagccggccagcagtggagacggcagtccagtttetctcccctc 

tgacccctagaaggggagttgtagccccatgaactagtttcttgtc 

tgggtcaggaacaagggccggctggggcctggggtgcagctg 

gtgtcagggtatgctgtttgctgatgggcagggacacccctgcag 

ggtctcgggctctgagcccaggacattccctgccccttgctcacc 

ttggctgtgggctgtgaacattccgggaccctgggcatcttatcta 

ggtccgtgcagcc 


3 
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4. 


220712_at 


Hs.18166 


aaagcttatccaccacgattaagccggcttcatccctgggatgca 

aggctggttcagcatacacaaatgaataaacataatccatcacac 

aaacagaaccaatgacaaaagccacatgatatttacctgtatacct 

ttttaagtacaaataaatctgggctgtcattatttatgctaacactggt 

tttgtgtccctggaatctatctatctaagtttttttttctttttttctttttcc 

attttccagtacctattagacagaatggctttcaattttttctcttacttc 

caaacttagtca 


4 


5. 


215558_at 


Hs.529925 


gttatttttcttagtcctatgttctttattttggtgttttccattggatacct 

gcatgccaagtgttgtgctacagtattactgaagagtataatggaa 

gtaatgtcctgctgaaaattttctttgagatattaatcattaataatttat 

atattgctatttaatacttacataggtctttagccttttaaaggatttct 

gtttgacagcttttataattgaaagttattccattttttttttaattttgcat 

gcttgaaaaagatgaaaacagtgatttaaattatgaagtatggggc 

caggtgcag 


5 


6. 


22007 l_x_at 


Hs. 14347 


tagccgaccatggtggtgcatgcctgtagtcccagctattcggga 

ggctgaggtaagaggatcacctaagcctgtgaggtcatggttgc 

aatgagtcatgatcacgccactgcgctacagcctgggcgacaca 

gtaagaccctgtctcaaaaaaaagaagtgtgtttctggccaggca 

cggtggctcacgcctgtaatcccagcactttgggaggcctaggtg 

ggcagatcatgaggtcaggagttcgagaccagcctggccaacat 

ggcgaaacacctgtctctactaaaaatacaaaaattaggccgggc 

gcagtggctcacacctgtaatcccaacactttgggaggccgacc 

cagatgggtggatcacctgaggtcaggagtttgagaccagcctt 

gacaacatggtgaaaccccatctctggtagaaatataaaaaattaa 

ccgggcatggtggtggacgcctgtaatcccagctacttgggagg 

ctgaggcagaataatcgcttgaacccaggaggcagaggttgca 

gtaagccaagatcgtgcctctgc 


6 


7. 


221205_at 


Hs.428360 


aaagcttatccaccacgattaagccggcttcatccctgggatgca 

aggctggttcagcatacacaaatgaataaacataatccatcacac 

aaacagaaccaatgacaaaagccacatgatatttacctgtatacct 

ttttaagtacaaataaatctgggctgtcattatttatgctaacactggt 

tttgtgtccctggaatctatctatctaagttttttmcttttmctttttcc 

attttccagtacctattagacagaatggctttcaattttttctcttacttc 

caaacttagtca 


7 


8. 


215978_x__at 


Hs.288771 


tagtcccagccacacgggaggctgcggcaggaaaatggc gtga 1 
acccgggaggcggagcttgcagtgagcggagatggcgccact 
gcactccaggctgggcgacagagcgagactccgtctcaaaaac j 
aaaccaacaaaaaaaaaacaggccgggcgcggtggctcatgc 
ctgtaaatcccagcactctgggaggccgaggcgggcggatcac 
gaggtcaggagttcaagaacagcctgaccaacatggtgaaacc j 
ccgtctcaactaaaaatacaaaaattagccgtgcgtggtggcacg | 
cacctgtaatcccagctactcaggaggccgaggcaggagaatc j 
gcccgaacccgggaggcagaggctgcagtgatccgagatcac | 
gccactgcattccagcctgggcgacagagcgagatttcatctcgc | 
cgtgggcggcgac 


8 


9. 


209703_x_at 


Hs.471778 


ctgttgcagagaggggtcctggagaaatgggttaccccagttgtc 

ttatttaaatggttacccatcagattttaattttatcttctctttgagagc 

ttggtaataagaagcacttaaatcactccaa agaagactttaaaaa 

gggagcagtgaaaaggtcttaataatttattgattgaattaagaaat 

actagctaattaagaatctgagtctaaacagcacagatlUUctttct 

gcttttaaattgtgttttaaaaaaagagacagggggctgggcgtgg 

tggctcacgcctgtaatcctagcactttgggaggccgaggcggg 

tggatcacgaggtaggagttaaagaccagcctggccaacatggc 

aaaaccctactaaagatacaaaaaaaaaaaaaaattggccaggc 

gtggtggtgggtgcctgtaatcccaggtacttggaaggctgagg 

caggagaatctcttgaacccagaaggcgaaggttgcagtgaacc 

gagatcatgccattgtactctagcctgggtgaca 


9 
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10. 


215375_x_at 


Hs.293563 


atttcccattttcaaacctgacaagttggtcttgatgctgttattcaaa 

taactgaaagtaaatggttgtgaacaaggaatttcagatcacagac 

tcagtaagcctggccagcccccaaggctgtgtcttccttaaagttg 

ggatctctgtattatctcatactctatagtagagcaataaacataag 

ctgacttatgtgatcacttaaaactaccaggaagaaacattttccgt 

aataaatttagtgtaggattgctttgtcttctcacactcacttttcaga 

aaagaaaatgtaagtattgccaggcgcggtggctcacacctgtaa 

tcccagcactttgggaggctgaggcaggtggatcacttgaggtc 

aggagttggagaccagcctggccaacatggagaaatcccatctc 

tactaaaaatacaaaaattagccgggtgtagtggcgcatgc 


10 


11. 


215029_at 


Hs.306803 


gatagtccataatctttttgggtctcacttctgcaaattggagttcata 

cttgcgctatcttttgttgaagaaccctcaagatagttgcaaaaagt 

attttgaaaagtataaagtgatgggtttaatgtaaatgttttattcaat 

actactatcntctagactaatttggttgtagttcacattacagtagct 

gcttcgtaagtgatttttgggctgggcg 


11 


12 


216109_x_at 


Hs. 159799 


taaatccaattgctgttatcttttgtttttcatggaatatctcgcatctca 

gaacacagtttgggaatcatattttatttagtgttttcagatgctatct 

attatatctaagatatttcacatttagccattcgttttataaaaaactcc 

aggcaaactcagctggacttttcttgctttaataacagctttattgag 

atacaattcacatatcacgaaattcltttta 


12 



[00052] In one embodiment, expression levels are determined prior to transplantation. In 
another embodiment, gene expression profiles are obtained after transplantation, and 
serve as an indicator for magnitude, or in another embodiment duration or in another 
5 embodiment dosage, or in another embodiment type of immunosuppressive therapy 
employed. 



[00053] In one embodiment, when the subject appears to be a good candidate for 
transplant tolerance, the transplant donor may share fewer alleles of the MHC locus with 
10 the recipient, or in another embodiment, the minor histocompatibility factors. 

[00054] The success of a transplant of an allograft in a host depends in one embodiment 
on factors such as the antigens on the transplanted tissue that are recognized by the 
recipient as foreign and in another embodiment, can evoke the rejection response, or in 
15 one embodiment the cells in the recipient's immune system that mediate rejection, and in 
another embodiment, the reactions that modify either the presentation of the foreign 
antigen or in one embodiment, the cellular response. 

[00055] In one embodiment, the products of the major histocompatibility complex 
20 (MHC) play an important role in mediating an attack by the graft tissue against the 
recipient. The MHC in another embodiment, generally includes many different loci, each 
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encoding separate cell-surface antigens, and in one embodiment, the loci has extensive 
polymorphism. The loci of the MHC fall into one of two classes, Class II, based on their 
tissue distribution, the structure of the expressed antigens, and their functions. 

[00056] In another embodiment, the term "histocompatibility" refers to the similarity of 
tissue between different individuals. The level of histocompatibility describes in one 
embodiment how well matched the patient and donor are. The major histocompatibility 
determinants are the human leukocyte antigens (HLA). HLA typing is performed 
between the potential donor and the potential transplant recipient to determine how close 
a HLA match the two are. The closer the match the less the donated tissue and the 
patient's body will react against each other. 

[00057] In one embodiment, standard subject may be one who closely matches the 
transplant recipient based on HLA and MHC typing. In another embodiment, the 
standard subject may be a normal subject of the same age, or in another embodiment 
gender, or in another embodiment race, or in another embodiment immediate family 
member, all of which may in one embodiment be candidates for being donors, or in 
another embodiment after a successful transplant procedure, or in another embodiment 
following a transplant rejection. 

■ 

[00058] In one embodiment, "match" refers to how similar the HLA and MHC typing is 
between the donor and the recipient. The best kind of match is an "identical match". This 
means that in one embodiment, all six of the HLA antigens (2 A antigens, 2 B antigens 
and 2 DR antigens) are the same between the donor and the recipient. This type of match 
is described as a "6 of 6" match. Donors and recipients who are "mismatched" at one 
antigen are considered a "5 of 6" match, and so forth. In one embodiment, the recipient 
may be determined to be a good candidate for transplant of an organ from a particular 
donor, despite the donor and recipient not having a 6 of 6 match. In one embodiment, 
the method is predictive of transplant tolerance in cases where the donor is a 5 of 6, or in 
another embodiment, 4 of 6, or in another embodiment, 3 of 6 match, with respect to the 
recipient. 
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[00059] In one embodiment, the method for deteiinining the gene expression profile uses 
DNA microarray technology, as is known in the art, and in one embodiment, is 
exemplified hereinbelow. In another embodiment, nucleotide sequences of interest are 
plated, or arrayed, on a microchip substrate. The arrayed sequences are hybridized in 
5 another embodiment with specific DNA probes from cells or tissues of interest. 

[00060] In another embodiment, the identified genes and/or gene products and/or 
modulators can be used to identify cells exhibiting or in another embodiment, 
predisposed to an immune response involving a transplant phenotype, thereby 
10 diagnosing subjects having, or at risk for developing, such response. In one embodiment, 
the identified genes and/or gene products can be used to determine severity or in another 
embodiment duration of such response. 

[00061] In one embodiment, the transplant constitutes a heart, liver, kidney, bone, bone 
15 marrow, cornea, hair follicles and skin. In one embodiment, the transplant is cardiac. In 
another embodiment, the transplant is an allograft. 

[00062] In one embodiment, the term allograft refers to grafts between two or more 
individuals allogeneic at one or more loci (usually with which is in one embodiment a 

20 histocompatibility loci. In another embodiment Allogeneic refers to when the genes at 
one or more loci are not identical in sequence in each organism. In one embodiment, the 
term "loci" refers to the site in a linkage map or on a chromosome where the gene for a 
particular trait is located. Any one of the alleles of a gene may be present at this site. 
Histocompatibility refers in one embodiment to a set of plasmalemmal glycoprotein 

25 antigens involved in rapid graft rejection and other immune phenomena. The minor 
histocompatibility (MHC) antigens are involved in much slower rejection phenomena. 
The major antigens show remarkable polymorphism and occur as Class I and Class II 
types. 

30 [00063] In one embodiment, the term "allogeneic" or "allograft" refers to transplantation 
of an organ from the same species of animal. In another embodiment, "allogeneic" 
transplants are preferred, with closest possible tissue typing (the greatest number of 
histocompatibility antigens in common between the donor and recipient) more preferred. 
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In another embodiment, "xenogeneic" transplants, that is, transplantation of organs from 
other species of animal into a human, which, in one embodiment refers to transplantation 
with hearts from transgenic pigs, are also contemplated by the present invention. 

[00064] In another embodiment, gene products associated with those identified herein are 
evaluated in the context of the methods of this invention, as predictors of transplant 
rejection. For example, CFLAR and BIRC1, genes associated with apoptosis would be 
evaluated in conjunction with other genes related to the apoptosis pathway, which in one 
embodiment, are also expected to be overexpressed, and if so, comprise additional 
embodiments of the invention. 

[00065] In another embodiment, the present invention provides a method for identifying a 
candidate for successful allograft transplantation comprising detenriining a gene 
expression profile, wherein the expression profile comprises increased expression of at 
least 1 gene as compared with a standard, concurrent with diminished expression of at 
least 4 genes compared with said standard. 

[00066] In one embodiment, the methods of the invention provide for the use of multiple 
assays, to evaluate differential gene expression. In another embodiment, arrays are used 
since microarray analysis allows in another embodiment simulataneous gene expression 
analysis of multiple genes in a high-throughput mode. 

[00067] In one embodiment, the methods may be utilized to predict rejection or tolerance 
to a transplant. In one embodiment, gene profiling and the method for evaluating the 
same may comprise any embodiment listed herein for such purposes, and is part of this 
invention. 

[00068] In one embodiment, the invention provides a kit for determining the likelihood of 
transplant rejection or in another embodiment, transplant tolerance. The kit of the 
invention provides in one embodiment a means for detecting the presence of a gene, 
indicative of transplant rejection in a biological sample from a subject, and in another 
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embodiment, a means for determining whether the gene is present at an overexpressed 
level relative to the level present in a corresponding biological sample from a standard. 

[00069] In one embodiment, the biological sample is cells, or in another embodiment 
tissue or in another embodiment peripheral blood. In one embodiment, the biological 
sample is obtained from a normal subject. The biological sample may, in one 
embodiment, be a tissue solution of a biopsy or in another embodiment, a sample of 
body fluid. In another embodiment, biological samples may refer to, blood, serum, 
plasma, tissue biopsy, organ biopsy, synovial fluid, mine, bile fluid, cerebrospinal fluid, 
saliva, mucosal secretion, effusion, or sweat The proteins of the sample may in one 
embodiment be distributed on various support matrices by methods specific to each 
matrix. Suitable matrices may, in one embodiment be paper, cellulose acetate, silica, 
glass, carbon, sugars, plastics and derivatives thereof, and a person skilled in the art will 
be familiar with the techniques of using such support matrices for the separation of 
proteins. 

[00070] In another embodiment, the invention provides a kit for predicting transplant 
tolerance or rejection, comprising a rnicroarray comprising immobilized nucleic acids, 
wherein said nucleic acids exhibit complementarity to a UQCRB, BTF3, 577 J, CUL4A, 
TERF2IP, ARRB2, NPEPPS, AKRB2, NPEPPS, PIGB, APC, BCL7A, EDG4, IL17R, 
PGF, NFAT5, BIRC1, LILRB3, TM6SF2, CFLAR, SOD2, SLC16A3, and SCD4 gene, or 
fragments thereof. 

[00071] In one embodiment, the kit comprises reagents for detecting the gene expression 
profile, wherein the reagents are nucleic acids, which may hybridize to mRNA isolated 
from a biological sample. In one embodiment, reagents may be labelled, or in another 
embodiment nucleic acids isolated from a biological sample are labelled. In another 
embodiment, the kit provides instructions for detecting the label qualitatively in another 
embodiment, quantitatively. 

[00072] In another embodiment the kit further comprises a buffering agent, or in another 
embodiment, a preservative, or in another embodiment a protein stabilizing agent. In one 
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embodiment, the kit further comprises an enzyme or a substrate. In one embodiment, 
the substrate may be a means of detecting a label, or in another embodiment the 
expressed protein product itself. In one embodiment, the kit further comprise reagents 
that are necessary for detection of nucleic acids, amino acids or hybridization signals for 
nucleic acids. 

[00073] In one embodiment, detecting differential expression of the genes via the kits of 
the invention is accomplished using establsihed PCR, ELISA, RIA, and other similarly 
recognized methods, and the reagents comprise those appropriate for the particular assay 
for detection. 

[00074] In one embodiment, the results obtained are compared to a standard, which, in 
another embodiment, may comprise a series of standards, which, in another embodiment 
is used in the kits of the invention for quantification of differential expression. In one 
embodiment, the standard may comprise any embodiment listed herein, and in another 
embodiment, will be suitable for a particular application of the kit. In one embodiment, 
the standard comprises nucleic acids when the kit is used for the determination of 
nucleic acid profile, or in another embodiment the standard is a protein when the kit is 
used for the determination of expressed protein profile. 

[00075] In one embodiment, the kit may be adapted for high-throughput screening, and 
comprise a microarray. In another embodiment, the array used is as described herein in 
Example 1. 

[00076] In one embodiment, the kit further comprise agents, which in another 
embodiment may comprise antibodies, or other agents which detect activity or in another 
embodiment expression of the translated protein product. In one embodiment the agents 
comprise antibodies that detect the presence of specific nucleic acids. 

[00077] In one embodiment, the kit comprises a microarray, which comprises cRNA of 
the genes indicated, and others. In one embodiment, the kit may comprise standard 
oligonucleotide probes, PCR reagents and detectable labels. In another embodiment, the 
kit may comprise biological samples taken from human subjects, which, in one 
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embodiment may be blood or tissue, or in another embodiment cardiac tissue. The 
standard will comprise all embodiments listed herein for the standard, including in one 
embodiment nucleic acid from a specific tissue, or in another embodiment pooled 
samples as described herein. 

[00078] In one embodiment, the present invention provide a kit that useful in predicting 
rejection or tolerance of tissue transplantation. In one embodiment, the values obtained 
by the kit of the invention are use for determining the probability of rejection versus 
tolerance. In another embodiment deviation from rejection may signal tolerance. 

[00079] In one embodiment the kits of the invention evaluate multiple genes, and in 
another embodiment help in the generation of a gene expression profile, which is useful 
in the methods of this invention. 

[00080] In one embodiment, the kit further comprises a positive and negative control, 
wherein said standards can be assayed and compared to the test sample. It is to be 
understood that the kits of the invention may be marketed for particular organ 
applications, such that the positive control is in one embodiment, a sample derived from 
a subject which rejected a cardiac allograft, and is to be used in determining cardiac 
transplant rej ection. 

[00081] In one embodiment, the kit may further comprise labeled cDNA. Fluorescently 
labeled cDNA probes may be generated through incorporation of fluorescent nucleotides 
by reverse transcription of RNA extracted from tissues of interest. Labeled cDNA 
probes applied to the chip, hybridize with specificity to each spot of DNA on the array. 
After stringent washing to remove non-specifically bound probes, (see Figure 5) the chip 
is scanned by confocal laser microscopy. Quantification of hybridization of each arrayed 
element allows for assessment of corresponding mRNA abundance. With dual color 
fluorescence, separately labeled cDNA probes generated from two sources of RNA are 
hybridized pair wise to the array. The relative abundance of the transcripts from the two 
sources corresponding to each specified gene is thus determined simultaneously. The 
miniaturized scale of the hybridization affords a convenient and rapid evaluation of the 
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expression pattern for large numbers of genes. Such methods have been shown to have 
the sensitivity required to detect rare transcripts, which are expressed at a few copies per 
cell, and to reproducibly detect at least approximately two-fold differences in the 
expression. 

5 

[00082] In one embodiment, the methods of this invention employ probes and primers, 
which may include repetitive stretches of adenine nucleotides (poly-A tails) normally 
attached at the ends of the RNA, for the identification of differentially expressed genes. 
In another embodiment, kits of this invention may comprise such probes. 

10 

[00083] In another embodiment, the invention provides a kit for predicting transplant 
tolerance or rejection, comprising a microarray comprising immobilized nucleic acids, 
wherein said nucleic acids exhibit complementarity to a UQCRB, BTF3, 5773, CUL4A, 
TERF2IP, ARRB2, NPEPPS, ARRB2, NPEPPS, PIGB, APC, BCL7A, EDG4, IL17R, 
15 PGF, NFAT5, BIRC1, LILRB3, TM6SF2, CFLAR, SOD2, SLC16A3, and SCD4 gene, or 
fragments thereof. In one embodiment, the microarray of the invention is exemplifies 
herein. 

[00084] In one embodiment, the may comprise the expressed sequence tags of the 
20 invention, and in another embodiment, other expressed sequence tags, and the indicated 
genes. 

[00085] A 11 microarray" refers in one embodiment to a spatially defined pattern of 
oligonucleotide probes on a solid support, "solid support" refers in one embodiment to a 
25 fixed organizational support matrix, such as silica, polymeric materials, or glass. In 
another embodiment, at least one surface of the substrate is partially planar. In one 
embodiment, it is desirable to.physically separate regions of the substrate to delineate 
synthetic regions, such as, in one embodiment, with trenches, grooves, wells or the like. 
In another embodiment, solid substrates may refer to slides, beads and chips. 

30 

[00086] In one embodiment, the invention provides a medium having disposed thereon an 
oligonucleotide-hybridized cRNA of UQCRB, BTF3, ST13, CUL4A, TERF2IP, ARRB2, 
NPEPPS, ARRB2, NPEPPS, PIGB t APC, BCL7A, EDG4, IL17R, PGF, NFAT5, BIRC1, 
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LILRB3, TM6SF2, CFLAR, SOD2, SLC16A3 or SCD4, In another embodiment, the 
medium may further comprise nucleic acid as described in Table IV. It is to be 
understood that a medium of this invention will incorporate the above-described 
sequences, and may further comprise additional oligonucleotides corresponding to 
5 sequences of the genome, whose function is as yet unknown, yet whose differential 
expression is correlated with transplant rejection or tolerance. In one embodiment, the 
medium further comprises cRNA of the expressed sequence tag as set forth in SEQ ID. 
Numbers 1 to 12. As would be apreciated by one skilled in the art, cRNA of the 
expressed sequence tags as set forth in SEQ ID. Nos. 1 to 12, could be generated by 
io numerous known methods. 

[00087] In one embodimnent, cRNA refers to complementary ribonucleic acid or 
substantially complementary ribonucleic acid. In another embodiment, cRNA refers to 

15 the hybridization or base pairing between nucleotides or nucleic acids, such as, for 
instance, between the two strands RNA molecule or between an oligonucleotide primer 
and a primer binding site on a single stranded nucleic acid to be sequenced or amplified. 
Complementary nucleotides are, generally, A and T (or A and U), or C and G. Two 
single stranded RNA or DNA molecules are said to be substantially complementary 

20 when the nucleotides of one strand, optimally aligned and compared and with 
appropriate nucleotide insertions or deletions, pair in one embodiment, with at least 
about 70% of the nucleotides of the other strand, or in another embodiment with about 
90% to 95%, and in another embodiment with about 98 to 100%. 

25 [00088] The following examples are presented in order to more fully illustrate the 
preferred embodiments of the invention. They should in no way be construed, however, 
as limiting the broad scope of the invention. 

EXAMPLES 

30 Example 1: 

Correlating Cardiac Allograft Rejection and Peripheral Blood Gene Expression 
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Methods 

Patient Population 

[00089] 409 blood samples were prospectively collected from 189 consecutive cardiac 
transplant patients referred for routine surveillance EMB. 

Sample Collection 

[00090] Blood obtained from a central venous sheath immediately prior to 
Endomyocardial Biopsy (EMB) was collected in RNA preservation solution 
(PAXgene™ Blood RNA Tubes, Qiagen Inc.) for immediate RNA stabilization and 
storage at -80° C. EMB specimens were processed and assessed by a cardiac pathologist 
and rejection grade was determined using the International Society for Heart and Lung 
Transplantation (ISHLT) grading system. This system categorizes biopsies into several 
grades (0, 1A, IB, 2, 3A, 3B, and 4) based on the extent of lymphocyte infiltration, 
myocyte necrosis, and presence or absence of hemorrhage. 

Study Design 

[00091] A nested case-standard study of peripheral blood gene expression was performed 
within a cohort of biopsy patients. Samples isolated from subjects with the presence of 
rejection severe enough to mandate augmented mimunosuppression according to clinical 
protocols (IHSLT grade 3A or higher) were referred to as "rejection" samples. Control 
patients samples ("Control") were isolated from subjects without clinically significant 
rejection (ISHLT grade 1A or lower). In order to minimize clinical confounders, both 
Rej ection and Control samples were obtained from patients who had no clinical evidence 
of active infection or other acute illness at the time of biopsy, and whose recent clinical 
status had been stable at least one week prior to their scheduled biopsy. All case and 
control patients were treated with standard immunosuppression with corticosteroids, 
anti-metabolites, calcineurin inhibitors, and/or sirolimus. 

[00092] In addition, blood specimens were obtained from the "rejection" subjects, 
following treatment with augmented immunosuppression, at a point in time where 
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resolution of rejection was ascertained, i.e, when a grade of 2 or lower on repeat EMB 
was found. This group is referred to as "post-rejection" subjects, whose analysis 
provided for detemiining changes in a gene expression profile over time in the same 
patients during and after resolution of clinically significant rej ection. 

Microarray Sample Preparation and Hybridization 

[00093] RNA samples from Control (n=7), Subjects classified in the rejection (n=7), and 
Post-Rejection (n^7) groups were purified using a commercial nucleic acid isolation 
column (PAXgene™ Blood RNA Column, Qiagen Inc.). Total RNA obtained from each 
sample was analyzed on an Agilent bioanalzyer and OD 2 6o / OD 2 8o readings were taken. 
Individual cDNAs were prepared from each RNA isolate using reverse transcriptase 
(Superscript II primed by a poly (T) oligomer / T7 promoter, which was used as a 
template for producing biotin-labeled cRNA using an in vifro transcription reaction, 
resulting in a single cRNA for each blood sample. Each cRNA were hybridized to 
Affymetrix HU133A oligonucleotide arrays, processed and scanned according to the 
manufacturer's instructions (see Figure 5). All arrays (n=21) were hybridized on the 
same day by a single technician to avoid variability in hybridization conditions. Each 
array allows for the quantification of the expression of 22,215 transcripts (including full- 
length mRNA sequences and expressed sequence tags) derived from build 133 of the 
UniGene databases. Data were saved as raw image-files and converted into probe-set 
data (.eel files) using Microarray Suite (MAS 5.0, by Affymetrix). 

Microarray Analysis 

The analysis was carried out using robust multi-array analysis (RMA), since 
small data sets were analyzed. Software for RMA is available at the website 
www.bioconductor.org , for use in the R 1.70 package for statistical computing fwww.r- 
project.org ). 

Differentially expressed genes in Rejection compared to Control samples 
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[00094] To determine candidate markers of rejection, three criteria were applied to the 
normalized data. First, data were filtered to include genes present above background on 
at least one array. Second, Significance Analysis of Microarrays (SAM; http://www- 
stat. Stanford, edu/~tibs/SAM/) was used to correct for multiple comparisons and to select 
candidate markers of rejection using genes that were differentially expressed with an 
estimated overall false-discovery rate <0.10. Third, we required at least a 25% change in 
expression between Rejection and Control samples for a transcript to be of interest. The 
identities of differentially expressed genes were determined using annotation databases 
(www.netaffx.coirO or via BLAST searches of the corresponding expressed sequence 
tags. 

Response to treatment 

[00095] To determine whether candidate markers of rejection responded to 
immunosuppressive therapy, expression data was analyzed for these transcripts in 
patient samples, which were isolated from patients who had rejected the cardiac 
allografts. These samples were assessed in order to determine whether the expression 
pattern of the candidate genes paralleled what was seen in the subjects at baseline [is 
this correct?] 

[00096] Expression of 91 candidate genes was differentially assessed for fold-changes in 
expression between control and samples isolated from subjects who rejected the 
allograft. Expression of the genes was also determined in samples isolated from the 
subjects post-rejection, and concordance between the expression patterns was 
determined. Fold changes greater than 1, whether increased or decreased expression, 
when found in two compared sample sets, with respect to a candidate gene, then such a 
gene is scored as concordant between the two samples. 

[00097] The probability of selecting a set of 91 candidates by chance was estimated. 91 
genes were randomly selected, a determination of gene concordance was made, with the 
total number of concordant genes in the randomly selected group computed. This 
process was repeated 10000 times, and a p-value was determined, refelecting the 
probability of a chance occurrence of the observed or better concordance. 
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Cluster analysis 

[00098] The capacity of candidate markers to distinguish Control, Rejection, and Post- 
Rejection samples was assessed using hierarchical clustering. Clusters were constructed 
using average linkage clustering and Pearson correlation coefficients as a measure of 
similarity using Cluster software and displayed using Treeview software 
(http ://rana. lbl, gov) . 

Validation 

[00099] Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to 
validate changes in selected genes. Validation was performed with mRNA harvested 
from additional samples from the original biopsy cohort using the same selection 
criteria. RNA isolates were treated with DNAse to remove any contaminating genomic 
DNA and were subsequently converted to cDNA using an in vitro transcription reaction. 
cDNAs were used as templates for Taqman qRT-PCR using ABI Assays-on-Demand on 
an ABI Prism 7900 sequence detection system. The specific assays used were 
Hs00153439_ml (CFLAR), Hs00167309_ml (SOD2), and Hs99999905_ml (GAPDH). 
All samples were run in triplicate and GADPH was used as an internal control to 
normalize transcript abundance. Triplicates were averaged to calculate an expression 
value for each sample. Data were compared among Control, Rejection, and Post- 
Rejection samples using the Wilcoxon rank-sum test with p< 0.05 indicating statistical 
significance. 

Results 

Patient Characteristics 

[000100] As shown in Figure 1, the frequency of rejection was low in the study 

population (Figure 1). Of 409 EMB samples, 81% showed minimal or no evidence of 
allograft rejection (ISHLT grades 0, 1A or IB) and 6% showed clinically significant 
rejection (grade 3 A or higher). The characteristics of patients chosen for study are 
outlined in Table 1. All Control samples had Grade 0 rejection on biopsy and all 
Rejection samples were obtained from patients with rejection graded 3A or higher. The 
Post-Rejection samples were obtained a median of 55 days after rejection was first 
detected. 
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Control 
(n=7) 


Rejection 
(n=7) 


Post- 
Rejection* 
(n=7) 


Biopsy grade 








0 


7 


0 


3 


1A 


0 


0 


2 


IB 


0 


0 


2 


2 


0 


0 


0 


3A 


0 


5 


0 


3B 


0 


2 


0 


Age (years), median (range) 


61 (54-67) 


45 (28-66) 


45 (28-66) 


Gender 








Female 


1 


2 


2 


Male 


6 


5 


5 


Type of immunosuppressionf 








Double therapy 


2 


1 


0 


Triple therapy 


5 


6 


7 


Days post transplant, median (range) 


326 (8- 
1259) 


491 (7-1865) 


* 


Days of augmented immunosuppression, 

median (range) 


• 


• 


55 (14-76) 


* Rejection and Post-rejection represent the same patients during and after treatment of Grade 
3 A or higher rejection with augmented immunosuppression. 

t Double therapy indicates (mycophenolate, azathioprine, or sirolimus) + (cyclosporin or 
tacrolimus); triple therapy indicates double therapy plus corticosteroids. 



5 Microarray Analysis 

Candidate markers of rejection 
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[000101] Of the 22,215 transcripts on each array, 10,826 (49%) were expressed at 

levels higher than background in at least one of the 21 samples evaluated. Of these, 91 
gene products were differentially expressed in Rejection samples, as compared to 
Control (Figure 2A, 2B, red) with a false discovery rate < 0.10 after SAM analysis. 
Figures 2A and 2B graphically depict the differential gene expression in peripheral 
blood specimens from patients with biopsy-proven transplant rejection (n=7) and 
controls without rejection (n=7). As shown in red, 7 genes were over-expressed (Figure 
2A) and 84 genes were under-expressed in Rejection (Figure 2B) samples. After 
treatment and resolution of rejection on follow-up endomyocardial biopsy, follow-up 
rnicroarray analysis in these same patients (n— 7) demonstrated that expression levels 
returned toward the level in control (blue; p < 0.0001 by re-sampling). These genes 
were regarded as candidate markers for high-grade rejection. Overall good 
reproducibility in gene expression in these candidates is observed. The average 
coefficient of variation within each group (control or reject) was 4%. However, 
reproducibility was different for each gene, ranging from a minimum coefficient of 
variation of 1% to a maximum of 1 1%. 

[000102] Changes in candidate markers was assessed after treatment of rejection by 

measuring expression levels in follow-up samples from the same patients. As shown in 
Figure 2 A and 2B (blue), expression of nearly all of the candidate markers moved closer 
to a fold-change of one after immunosuppressive therapy, indicating a return toward 
levels in Control. This finding is consistent with the response to therapy noted on EMB. 
However, expression in the Post-Rejection samples did not fully normalize to a fold- 
change of one, suggesting that treated rejection has an intermediate expression profile 
between Control and Rejection. By randomly re-sampling gene expression data, we 
estimated the probability of finding a set of 91 genes that, by chance, showed differential 
expression in Rejection with concordant changes Post-Rejection. Only 1 in 10,000 
randomly selected sets of 91 genes showed this pattern (p=0.0001). Therefore, it is 
extremely unlikely that the observed intermediate expression profile occurred due to 
chance. These findings suggest that an expression profile that correlates with active 
rejection was identified in these patients. 
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Cluster analysis 

[000103] Hierarchical clustering was used as an additional method to characterize 

the ability of the candidate markers to distinguish Control, Rejection, and Post-Rejection 
samples. Hierarchical clustering referes in this case to a computational method that 
groups experimental samples according to similarity in patterns of gene expression 
across a large number of genes. 40 transcripts were selected, that showed at least a 25% 
change in expression between Control and Rejection and performed cluster analysis on 
this panel of genes. As shown in Figure 3, samples cluster into two main branches with 
the primary hierarchial separation being the complete partitioning of Control and 
Rejection samples into separate branches. 

[000104] Figure 3 shows Cluster analysis of the 40 candidate markers analyzed 

with hierarchical clustering (see Table 2 for full names and functional annotation of the 
40 candidates). Results are displayed using an Eisen plot, consisting of a dendrogram to 
demonstrate relationships among samples and a color-coded heatmap to display level of 
expression of individual genes. For each gene, red indicates higher than median 
expression and green indicates lower than median expression. As shown in the 
dendrogram, our candidate markers partition Rejection (R) and Control (C) samples into 
two main branches. Post-Rejection samples (p) are present in both main branches, 
indicating an intermediate expression profile for this group. Genes chosen for 
subsequent qRT-PCR validation are indicated with blue squares. 

[000105] Post-rejection samples are present in both the Control and Rejection 

branches of the dendrogram, consistent with an intermediate expression profile for 
treated rejection. 

Gene function 

[000106] The identities of the 40 candidate markers of rejection included 30 unique 

transcripts (Table 2). The majority of these are involved in the following cellular 
pathways: 1) transcription or translation, 2) cell-cycle regulation, 3) tumorgenesis/ tumor 
suppression, 4) immune response, 5) apoptosis, and 6) intracellular signaling. Also 
included in the table are a number of expressed sequence tags (ESTs) of unknown 
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function. Several transcripts are represented by multiple probe sets on the HU133A 
array. These replicate probe sets showed consistent changes during Rejection that 
resolved at Post-Rejection biopsy time-points (Figure 3). The marker with the largest 
number of internal replicates was the gene CASP8 and FADD-like apoptosis regulator, 
5 an inhibitor of apoptosis that is down-regulated in rejection. 



Table 2. Candidate Expression Markers of Cardiac Allograft Rejection 



Gene (Gene Symbol) 


Protein lype/ 
CeUular 
Pathway 


Fold-Change 
(Rejection 
versus 
control) 


Fold-Change 
(Post- 
Rejection 
versus 
Control) 


Probe-Set 
ID* 


UniGene 
ID t 


ubiquinol-cytochrome c reductase 
binding protein (TJQCRB) 


Oxidative 
respiration 


2.25 


1.3 


205849_s_at 


Hs.131255 


basic transcription factor 3 
(BTF3) 


RNA translation 


1.57 


1.24 


20851 7_x_at 
211939_x_at 


Hs.446567 


suppression of tumorigenicity 13 
(ST13) 


Tumor 
suppressor 


1.43 


1.19 


207040_s_at 


Hs.377199 


cullin 4A (CUL4A) 


Cell cycle/DNA 
replication 


1.34 


1.1 


201423_s_at 


Hs.270788 


telomeric repeat binding factor 2, 
interacting protein (TERF2EP) 


Transcription 
factor 


1.31 


1.15 


201174_s_at 


Hs.274428 


arrestin, beta 2 (ARRB2) 


Intracellular 
signaling 


0.75 


0.79 


203388_at 


Hs.435811 


EST 




0.75 


0.99 


207365__x_at 


Hs.435123 


EST 




0.74 


0.96 


207730_x_at 


Hs.406701 


EST 




0.74 


0.86 


20578 l_at 


Hs.164410 


aminopeptidase puromycin 
sensitive (NPEPPS) 


Proteinase 


0.73 


0.91 


201454_s_at 


Hs.293007 


phosphatidylinositol glycan, class 
B (PIGB) 


Cell surface 
protein 


0.73 


0.8 


205452_at 


Hs.259326 


adenomatosis polyposis coli 
(APC) 


Tumor 
suppressor 


0.72 


0.9 


216933_x_at 


Hs.75081 


B-cell CLL/lymphoma 7A 
(BCL7A) 


Cell cycle/DNA 
replication 


0.72 


0.98 


210679_x_at 


Hs.371758 
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endothelial differentiation, 
lysophosphatidic acid G-protein- 
coupled receptor, 4 (EDG4) 



Cell cycie/DNA 
replication 



0.72 



0.81 



206722_s_atHs. 122575 
206723 s at 



interleukin 17 receptor (IL17R) 



Inter leukin 
receptor 



0.72 



0.79 



205707 at Hs.129751 



placental growth factor (PGF) 



Hormone/ 

Angiogenesis 

Factor 



0.72 



0.96 



215179 x at Hs.252820 



EST 



0.7 



EST 



0.7 



EST 



0.7 



0.85 



220712 at Hs.493129 



0.9 



215558 at Hs.485406 



0.9 



220071 x at Hs. 14347 



nuclear factor of activated T-cells 
5, tonicity-responsive (NFAT5) 



Transcription 
factor 



0.7 



EST 



0.69 



0.83 



208003 s at Hs.86998 



0.89 



221205 at 



EST 



0.69 



0.89 



215978 x at Hs.447720 



baculo viral LAP repeat-containing 
1 (BIRC1) 



Apoptosis 



0.68 



0.76 



204861 s atl Hs.79019 



leukocyte imraunoglobulin-like 
receptor, subfamily B, member 3 
(LILRB3) 



Leukocyte 
receptor 



0.68 



0.81 



210784_x_at Hs.306230 
211135 x at 



EST 



0.66 



0.94 



209703 x at Hs.288771 



transmembrane 6 superfamily 
member 2 (TM6SF2) 



Cell surface 
protein 



0.66 



0.88 



210598 at Hs.367829 



EST 



0.65 



0.9 



215375 x at Hs.438377 



EST 



0.65 



CASP8 and FADD-like apoptosis 
regulator (CFLAR) 



Apoptosis 



0.59 



0.94 



215029 at Hs.293563 



0.73 



2 1 1 862_x_at Hs.355724 
210564_x_at 
208485_x_at 
211317_s_at 
214486 x at 



superoxide dismutase 2, 
mitochondrial (SOD2) 



Oxidative stress 



0.56 



0.83 



221477 s at Hs.3 84944 



EST 



0.55 



0.84 



216109 at Hs.435249 



solute carrier family 16, member 3 
(SLC16A3) 



Membrane 
transport 



0.54 



stearoyl-CoA desaturase 4 (SCD4) 



Fatty acid 
metabolism 



0.5 



0.66 



202856 s at Hs.3 86678 



0.87 



220232 at Hs.379191 
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Probe-Set ID: indicates the corresponding probe-set on the Asymetrix HU 133A microarray- http://vyvvw.afTvmetrix. 
f Unigene ID: http://vv\wv.ncbi.nim.nih.gov/TJniGene 
EST indicates Expressed Sequence Tag 



Quantitative PCR 

[000107] Transcriptional changes were verified using qRT-PCR for two genes: 

5 CASP8 and FADD-like apoptosis regulator (CFLAR) and superoxide dismutase 2 
(SOD2). Consistent with the microarray analysis, both genes were significantly down- 
regulated during rejection, with a mean fold-change of 0.76 ±0.06 (p=0.01) for CFLAR 
and a mean fold-change of 0.74 ±0.09 (p=0.02) for SOD2, as shown in Figure 4. 

10 [000108] Figure 4 graphically depict the transcriptional changes verified using 

qRT-PCR. Data are displayed as fold-changes in expression in Rejection (n=10) and 
Post-Rejection (n=8) each compared to Control (n=5). In agreement with the microarray 
findings, both CFLAR and SOD2 expression were decreased in Rejection. CFLAR 
expression returned toward Control levels in Post-Rejection samples, and SOD2 

15 expression remained low, consistent with persistent partial activation of circulating 
leukocytes after treatment of rejection. *p < 0.05 compared to Control by Wilcoxon 
rank-sum test. 

[000109] Thus, peripheral blood gene expression changes observed by microarray 

20 profiling were confirmed in comparisons of Rejection and Control samples. In Post- 
Rejection samples, CFLAR expression trended back toward Control levels, with a fold- 
change closer to 1.0, but SOD2 did not. The partial return towards baseline for CFLAR 
and the lack of return for SOD2 likely reflect persistent partial activation of circulating 
leukocytes in these samples, which were taken at variable times after histologic 
25 resolution of rejection. 

[000110] Figure 6. shows quantitative PCR on 24 samples. The Y axis shows the 

normalized alpha defensin mRNA levels. The x-axis, shows the samples devided into 
those drawn during an episode of high grade rejection, ISHLT grade 2 or higher or 
30 during an episode of low grade rejection In these additional samples, there appears to be 
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a trend toward higher mean defensin expression levels in the samples from patients at 
the time of low grade rejection as compared to those at the time of high grade. This 
trend in Alpha- 1 -defensin expression correlates with the pattern seen in the initial 
microarray findings . 

Discussion 

[000112] Peripheral blood gene expression correlated herein with cardiac allograft 

rejection. 40 transcripts were identified, that were altered in acute cellular rejection and 
returned toward normal in response to augmented immunosuppression. Moreover, in 
two separate analyses, treated rejection had an intermediate expression profile, 
suggesting persistent immune activation despite resolution of rejection on biopsy. These 
findings raise the possibility that expression profiling may prove to be a more sensitive 
screening test for rejection than EMB. 

[000113] As shown in Table 2, the known or proposed function of the candidate 

markers involve cellular processes that are plausible components of an immu ne 
response, such as regulation of DNA transcription or translation, cell cycle and apoptosis 
regulators, and markers of immune system activation. It is possible that changes in 
expression of genes involved in the regulation of programmed cell death, such as 
CFLAR, promote clonal expansion of specific lymphocyte populations as part of the 
rejection process. 

[000114] Expression profiling is therefore a powerful technique, but it creates 

substantial challenges resulting from the analysis of many genes in a small number of 
samples. These concerns were addressed at multiple levels. First, conservative 
normalization and gene selection strategies that are superior in the analysis of relatively 
small data sets was used. Second, serial measurements in the same patients, which 
reduced the impact of inter-patient variability were incorporated. Third, selected 
findings using quantitative PCR were validated. Fourth, analyses were performed on 
immediately preserved whole-blood isolates, lninimizing the impact of sample pre- 
processing procedures, such as cell-sorting or buffy coat isolation, on the gene 
expression profile and is more convenient to implement in a clinical setting. 
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[000115] This invention demonstrates that peripheral gene expression correlates 

with cardiac allograft rejection detected on EMB. 40 transcripts were identified that are 
altered in acute cellular rejection and returned toward normal in response to augmented 
immunosuppression. Moreover, treated rejection has an intermediate expression profile, 
which suggests persistent immune activation despite resolution of rejection on biopsy. 
These findings prove the possibility that expression profiling may be a more sensitive 
screening test for rejection than EMB. In conclusion, the principle that peripheral blood 
gene expression correlates with cardiac allograft rejection has been demonstrated. 

[0001 16] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example only, 
and not Limitation. Thus the breadth and scope of the present invention should not be 
limited by any of the above described exemplary embodiments, but should be defined 
only in accordance with the following claims and their equivalents. 
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